We have interpreted recently measured experimental data of 77 Ge, and also for 73,75,79,81 Ge isotopes in terms of state-of-the-art shell model calculations. Excitation energies, B(2) values, quadrupole moments and magnetic moments are compared with experimental data when available. The calculations have been performed with the recently derived interactions, namely with JUN45 and jj44b for f 5/2 pg 9/2 space.
INTRODUCTION
Nuclear structure study in 40 ≤ N ≤ 50 region is the topic of current research for the investigation of single-particle versus collective phenomena. For f p shell nuclei the collective phenomena was measured in different laboratories worldwide. In the nuclei where π0f 7/2 shell is not completely filled and N ∼ 40, deformation appears due to interaction of excited neutrons in sdg shell with protons in f p shell. The experimental indication of a new region of deformation for f p shell nuclei has been reported for Fe [1] , Cr [2] and Co [3] isotopes.
The importance of the inclusion of intruder orbitals from sdg shell in the model space for f p shell nuclei is reported in the literature [4] [5] [6] [7] [8] [9] [10] .
The nuclei around Ni region, particularly, Ga and Ge isotopes are interesting from both experimental and theoretical point of view. Sudden structural changes between N = 40 and N = 50 for Ga isotopes have been observed at isolde, cern [11] . The even Ge isotopes attracted much experimental and theoretical interest due to a shape transition 1) Instituto de Ciencias Nucleares, Universidad Nacional Autónoma de México, México.
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in the vicinity of N = 40 [12] [13] [14] . The low-lying excitation energies of Ge isotopes show unexpected behavior: as we move from 70 Ge to 76 Ge the E(0 + 2 ) for 72 Ge is lower than E(2 + 1 ), it again start rising from 74 Ge onwards. In the pioneering work of Padilla-Rodal et al. [12] the evolution of collectivity in Ge isotopes with B(E2) measurements have been reported.
It was shown that the N = 40 shell closure is collapsed in 72 Ge. However, the N = 50
shell closure is persistent in Ge isotopes. Collectivity at N = 50 for the 82 Ge and 84 Se was measured using the intermediate-energy Coulomb excitation [15] . In Fig. 1 , we show the experimental E(2 + 1 ) for even-even nuclei. The rapid decrease of E(2 + 1 ) for the Ge and Se isotopes around N = 40 reveals the collapse of this shell closure.
In the present paper we consider neutron-rich odd Ge isotopes. The shell model calculation in f 5/2 pg 9/2 space for Ge isotopes is reported in the literature using pairing plus quadrupole-quadrupole interactions [16] and with JUN45 interaction for 73 Ge and 75 Ge in [17] . In this work we report shell model calculations in f 5/2 pg 9/2 space with the recently devised effective interactions, we also first time report shell model results for odd Ge isotopes including f 7/2 orbital in the model space to study importance of proton excitations across Z = 28 shell as suggested in [11] . The electromagnetic moments of Ga isotopes were explained in our recent investigation [18] by including f 7/2 orbital in the f 5/2 pg 9/2 model space.
Section 2 gives details of the shell model (SM) calculations. We will discuss in this section the model space and the effective interactions used in the investigation. Section 3 includes results on the spectra of 73−81 Ge odd isotopes and configuration mixing in these nuclei. In Section 4, SM calculations on E2 transition probabilities, quadrupole moments and magnetic moments are presented. Finally, concluding remarks are given in Section 5.
DETAILS OF MODEL SPACES AND INTERACTIONS
In the present study we have performed calculations in two different shell-model spaces.
The first set of calculations have been performed with the two recently derived effective shell model interactions, JUN45 and jj44b, that have been proposed for the 1p 3/2 , 0f 5/2 , 1p 1/2 and 0g 9/2 single-particle orbits. The JUN45, which was recently developed by Honma et al. [17] , is a realistic interaction based on the Bonn-C potential fitting by 400 experimental binding and excitation energy data with mass numbers A = 63-96. orbital. This interaction was reported by Sorlin et al. [22] . As here the dimensions of the matrices become very large, a truncation has been imposed. We allowed up to a total of four particle excitations from the f 7/2 orbital to the upper f p orbitals for protons and from the upper f p orbitals to the g 9/2 orbital for neutrons. The f pg interaction was built using f p two-body matrix elements (TBME) from [23] and rg TBME (p 3/2 , f 5/2 , p 1/2 and g 9/2 orbits) from [24] . For the common active orbitals in these subspaces, matrix elements were taken from [24] . As the latter interaction (rg) was defined for a 56 Ni core, a scaling factor of A −1/3 was applied to take into account the change of radius between the 40 Ca and 56 Ni cores. The remaining f 7/2 g 9/2 TBME are taken from [25] . For the JUN45 and jj44b interactions the single-particle energies are based on those of 57 Ni. In the second set of calculations for the f pg interaction with the 40 Ca core the single-particle energies are based on those of 41 Ca.
In the present calculations the JUN45 and jj44b interactions estimate binding energies of nuclei, however f pg interaction gives relative energies with respect to f 7/2 orbital not binding energies. For the both set of calculations the single-particle energies are the same for protons and neutrons.
The single-particle energies for both protons and neutrons for the three interactions are given in Table 1 . In Fig. 2 , we compare the effective single-particle energy of the proton orbit for Cu isotopes in JUN45 and jj44b interactions. Both interactions show a rapid decrease in f 5/2 proton single-particle energy relative to p 3/2 as the neutrons start filling in g 9/2 orbit and it become lower than p 3/2 for N > 48. Dimensions of the matrices for odd 73−81 Ge isotopes in the m-scheme for f 5/2 pg 9/2 and f pg 9/2 spaces are shown in the 
73 Ge
Comparison of the calculated values of the energy levels of 73 Ge with the experimental data is shown in Fig. 3 . All the three interactions fail to predict the ground state correctly.
Difference in the triplet of levels mentioned in [17] is the same in f pg calculation too, i. e.
5/2
+ 1 is high in the calculation as compared to 7/2 + 1 and 9/2 + 1 levels, while in the experiment these three levels are arranged very close. Also 1/2 + 1 is too high as compared to the experiment with jj44b and f pg interactions. This was the case also for the 69,71 Ge [17] . It was supposed in this work that this could be because of the closed f p neutron shell and d 5/2 might play an important role. However, it can be noted that 5/2 + 1 and 1/2 + 1 levels are very close to the other two levels in jj44b calculation. Lower negative-parity levels are described well by JUN45 and jj44b calculations. Negative-parity levels are too high in f pg calculation, though their arrangement looks like as in the other two calculations. For the 9/2 + 1 level the JUN45 and jj44 interactions predict ν(g 3 9/2 ) (probability ∼ 12%) and ν(g 5 9/2 ) (probability ∼ 5%) configurations, respectively.
3.2.
75 Ge Figure 4 shows the experimental and calculated positive and negative parity levels of 75 Ge using JUN45, jj44b and f pg interactions. As is seen from the Fig 
3.3.
77 Ge
Comparison of the calculated positive and negative parity levels with the recent experimental data at ATLAS facility [30] are shown in Fig. 5 . The 7/2 + ground state is now correctly predicted not only by jj44b, but also with f pg interaction. The 9/2 + 1 is much closer to the ground state in f pg calculation than in the experiment and jj44b calculation.
The JUN45 calculation still gives 9/2 + ground state while the 7/2 + comes close to the ground state, however it will flip in 79 Ge. The 5/2 + 1 level is located only 6 keV higher than in the experiment in JUN45 calculation. The jj44b calculation result for this level is higher by 181 keV, while f pg calculation for this level predict 161 keV less than in the experiment. Next experimental level is 5/2 + 2 . For this level the result of JUN45 is 233 keV higher and is in the same sequence as in the experiment. In both jj44b and f pg calculations this level is located very high as compared to experiment and ordering of the levels is different from the experiment. The 3/2 + 1 experimental level at 619 keV is predicted by jj44b calculation 31 keV higher than in the experiment. This level is predicted by JUN45 is 155 keV higher, while in f pg it is 215 keV lower than in the experiment. The experimental level 7/2 1/2 ) with probability 29% and 14% for JUN45 and jj44b interactions, respectively. The f pg interaction predicts ν(g 7 9/2 ) (∼ 6%) configuration.
3.4.
79 Ge
For this isotope few positive and negative-parity levels are available. As is seen from The JUN45 and f pg predict reverse sequence of measured (7/2 + ) and (9/2 + ) levels. They are lower in JUN45 calculation and higher in f pg calculation as compared to the experiment.
The sequence of these levels are the same as in the experiment in jj44b calculation, however they are located very close to each other. For the 9/2 + 1 the JUN45 and jj44b interactions predict ν(g 7 9/2 ) configuration with probability 34% and 35%, respectively. For the 1/2 − 1 the JUN45 and jj44b interactions predict ν(p −1 1/2 ) configuration with probability 27% and 28%, respectively.
Three uncertain positive-parity and one negative-parity levels are available for this isotope. Again all calculations predict the same parity and spin as in the experiment for the ground state. The other experimental positive-parity levels are predicted higher than in the experiment by all the calculations. The only measured 1/2 − negative-parity level is low in the JUN45 and jj44b. In f pg calculation negative-parity levels are very high (> 4 MeV), thus we have not included them in Fig. 7 .
Structure of the wave functions is given for some levels of 73−81 Ge isotopes together with yrast levels in Table 3 . In Table sum of the contributions (intensities) from particle partitions having contribution greater than 1% is denoted by S, the maximum contribution from a single partition by M and the total number of partitions contributing to S by N. The deviation of S from 100% is due to high configuration mixing. The increase in N is also a signature of larger configuration mixing. The extent of configuration mixing is high in 73 Ge and low in 79 Ge. Indeed, the extent of configuration mixing is high in the isotopes far from the closed shell. All the three interactions predict ν(g 9 9/2 ) configuration with probability 42% (JUN45), 36%(jj44b) and 80%(f pg).
ELECTROMAGNETIC PROPERTIES
The calculated B(E2) transition probabilities are given in orbital. The results of quadrupole moments with the three different interactions are shown in It is seen from Table 6 Figure 6 . The same as in Fig. 3, but Figure 7 . The same as in Fig. 3 , but for 81 Ge. 
